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INTRODUCTION. 



The ■writer, in presenting these remarks to 
engineers, does not pretend to offer much that 
is originsl, but haa aimed to gather what is 
valuahle from the great mass of material to be 
feund in scientific periodicals and in publica- 
tions that are not generally accessible. An 
endeavor haa been made to systematize the 
treatment of the subject, and to give such 
varied solutions of the problems that arise in 
proportioning the parts of safety-valves as to 
render them plain to those who have only an 
elementary education. The importance of 
having the general principles of safety-valves 
understood by those who are charged with the 
care of steam machinery cannot well be over- 
estimated. With a safety-valve that is in real- 
ity all which its name implies, a large propor- 
tion of the risks incident to the use of boilers 
will be avoided ; while on the other hand, a 
safety-valve that is only such in name is one of 
the readiest assistants to a disastrous boiler 
explosion. 

New Yoke, August, 1873. 
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SAFETY-VALVES. 



I. The Requisite Qualifications op 
A Safety- Valve. 
Aa a safety-valve is designed to pre- 
vent the accumulation of pressure in a 
steam boiler beyond a certain point, it 
is necessary that the parts should be ao 
proportioned that the valve will rise 
when the given pressure is attained. 
Until the valve rises it is subjected to 
the pressure of the steam at rest, so that 
this part of the subject involves the 
Statical condition of a safety-valve. As 
BOon as the pressure of the steam in a 
boiler lifts the valve, new conditions are 
introduced, because the steam is in mo- 
tion, escaping through the orifice be- 
tween the valve and the seat. It will 
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thas be evident that from the time the 
valve is raised until it ia again seated by 
the reduction of the steam pressure the 
dynamical conditions are to be regarded. 
A good eafety-valve should be so con- 
structed that not only will it lift when 
the required pressure is attained, but so 
that it will also prevent the further in- 
crease of pressure, and will close prompt- 
ly as soon as that pressure is reduced. 

n. Peopoetiontng the Pak'k of Safe- 
ty -Valves, IN OEDEK THAT THEY 
MAY Risk with Given Pebssures, 
This part of the subject, as already 
remarked, deals with the statical condi- 
tion of safety-valves. In other words, 
it is a question of the equilibrium of two 
forces acting in contrary directions— one, 
a weight or the tension of a spring, 
tending to hold the valve down ; and 
the other, the pressure of the steam, 
tending to raise it. When these oppos- 
ing forces balance each other the valve 
is ready to lift, and any slight increment 
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of pressure will raise it. It is, then, 
the conditions of the balancing or equi- 
librium of the steam pressure and the 
spring' or weight that are to be consid- 
ered. In some forms of safety-Talves, a 
spring or weight is placed directly above 
the valve, and resists the upward pres- 
sure of the steam ; or a weight is sus- 
pended directly under the valve, passing 
into the boiler. , In other forms, the 
spring or weight is attached to a lever, 
to which the valve is also connected, the 
weight or spring being ordinarily at a 
greater distance from the fulcrum than 
the valve ia. In the first form of con- 
struction, in which the steam pressure is 
opposed directly by the force of a weight 
or spring, without the intervention of a 
lever, these two forces will evidently 
balance when they are equal to each 
other. It is only necessary, therefore, to 
multiply the pressure of the steam in 
pounds per square inch by the area of 
the valve in square inches to find what 
weight must be attached, or what ten- 
sion put upon the spring, to prevent the 
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valve from rising before this preesnre is 
reached. For example, suppose that a 
valve has a diameter of 4 inches, and is 
required to rise when the steam pressure 
is 100 pounds per square iaeh, what 
weight must be attached to it ? 

The area of a valve having a diameter 
of four inches ia ahout. .13 9-16 square inches. 
Hultiply hy 100 

Weight to be attached to 

valve l,256i pounds. 

In the second case, where a lever is 
employed, it is evident that the forces 
will not balance if they are equal, since 
they act at different points of the lever. 
Fig. 1 ia a sketch of an ordinary lever 




safety-valve, and the forces acting in a 
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case of this kind are represented graph- 
ically hy arrows, the directions in -which 
they point corresponding to the direc- 
tions in which the forces act. It will he 
seen that there are four forces : 

1, The weight, represented by the ar- 
row W. 

2, The weight of the lever, represented 
by the arrow L. 

3, The weight of the valve and stem, 
represented by the arrow V. 

4, The pressure of the steam, repre- 
sented by the arrow P. 

The latter force, the pressure of the 
steam, is the pressure per square inch 
multiplied by the area of the valve in 
square inches. The lever is arranged so 
that it can turn about the point A as a 
fulcrum. The first three forces tend to 
keep the valve down, the fourth force 
tends to raise it, and all the forces act 
vertically. The lever arm of a force is 
the distance from the force to the ful- 
crum, measured on a line that is drawn 
perpendicular to the direction, of ffie 
force. Aa these forces act vertically. 
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the lever arms must be measured on hori- 
zontal lines — and it will be seen that 
there are three lever arms to be consid- 
ered : 

1. The lever arm of the weight, repre- 
sented by w. 

2. The lever arm of the lever, repre- 
sented by I. 

3. The lever arm of the valve, repre- 
sented by p. 

The lever arms of these forces are the 
horizontal distances from the centers of 
gravity of the weight, lever, and valve, 
respectively, to the fulcrum. The cen- 
ters of gravity of the weight and valve 
are ordinarily in vertical lines passing 
throngh their centers, and the center of 
gravity of the lever is most readily de- 
termined by balancing it upon a tnife 
edge, the center of gravity being on a 
vertical line passing through the point 
on which it balances. 

To recapitulate, there are eight quan- 
tities that may be varied, in proportion- 
ing a safety-valve, viz. ; 

1. The weight. 
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2. The weight of the lever. 

3. The weight of the valve. 

4, The diaifieter of the valve. 

5, The lever arm of the weight, or its 
position on the lever. 

6, The lever arm of the lever, depend- 
ing upon its form. 

7. The lever arm of the valve. 

a. The pressure of the steam, in 
pounds per square inch. 

Any seven of these parts may be pro- 
portioned at pleasure, and the remaining 
one can be determined, the sole condi- 
tion being that the valve shall rise as 
soon as a given pressure is exceeded. 
Ordinarily, however, there are only two 
cases that require solution : 

let. With what steam pressurewiU a given 
valve rise? 2d: Where must tJie .weight 
he placed on the lever of a given safety- 
valve in order that the valve may rise 
tehen a certain steam pressure is reached? 
These problems can be solved either by 
experiment or calculation. Both meth- 
ods will be explained. 
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A. — JExperimental Method. 
ABoertain the weights of the ball, levee 
and valve, the diameter of the valve, the 
center of gravity of the lever, and the lev- 
er arms of the weight, lever and valve. 
The lever arms of the weight and valve 
can be measured directly, and the lever 
arm of the lever, or the horizontal distance 
from its center of gravity to the ful- 
crum, can be determined by balancing it 
upon a knife-edge, as already explained. 
In measuring the valve, if the seat is 
beveled and the valve fits well, the 
amaUest diameter i£i to be taken. Then 
provide a bar, A B, Fig, 2, of uniform 
section, at least twice as long as the dis- 
tance from the weight to the fulcrum of 
the ^ven valve. Mark the center-point, 
C, of the lever, and points E, F, G, to 
the right of the center, such that the 
distance G E'm the same as the horizon- 
tal distance of the center of the valve 
from the fulcrum, G F'v& the horizontal 
distance from the center of gravity of 
the lever to the fulcrum, and C & the 
horizontal distance from the center of 
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the weight to the fulcrum, if this is 
known. Also lay ofE to the left of the 
center a distance, G JT, equal to C IB. 
Balance the bar upon a knife-edge, D, 
and the apparatus will be ready for 
making the required determinations. 
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lat. To find with what steam } 
the valve will rise. — Hang on the ball at 
the point G, the lever at F, and the 
valve at E, or attach equivalent weights, 
as may be most convenient. Then bang 
on weights at the point H, until they 
jast balance the weights on the' other 
side of the center, and bring the bar to 
a horizontal position. Ascertain the 
area of the valve in square inches, and 
divide the weight at S by this area. 
The result will be the required pressure 
of the steam, in pounds per square inch. 

2nd. To find where to place the weight 
on the lever of a given safety-valve, in 
order that the valve may rise with a given 
steam pressure. — Multiply the area of the 
valve in square inches by the pressure of 
tbe steam in pounds per square inch, and 
attach a weight at H equal to this pro- 
duct. Also bang on the valve and lever, 
or equivalent weights, at B and F, as 
before, and move the ball along the bar 
until it balances the other weights. The 
distance from C, of the point at which it 
balances will be the horizontal distance 
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from the fulcmm to tlie weight, on the 
lever of the given safety-valve. 

To facilitate the only calculation re- 
quired in this experimental method, the 
areas of valves are given below, for the 
majority of cases that occur in practice : 
ZbSfe (^Areat cf RiIum of Different Diametrei. 



Diameter of Valve in 


Area of Valve in square 


inches. 


inches. 


io 


r0,5 


13-64 c 


r 0.19635 


So 


r 0.635 


5-16 


r 0.80680 


|c 


rO.75 


7-16 


r 0.44179 


*o 


rO.Sra 


19-33 


r 0.60133 


1 




25-83 


r 0.7854 


Uo 


rl.a3 


115-64 


r 1.3378 


IJo 


rl.6 


1 40-64 


r 1.7671 


IJo 


rl.75 


S 13-83 


r 3.4053 


3 




8 9-64 


r 8.1416 


3io 


r3,5 


4 29-33 or 4.9087 


3 




7 1-16 


r 7.0686 


3ic 


ra.5 


9 5-8 


r 9.6311 


4 




13 9-16 


r 13.6664 


4ic 


r4.5 


15 29-82 


r 15.9043 


5 




19 41-64 


r 19.635 


5J( 


r5.5 


33 49-64 


r 23.7583 


6 




38 9-33 


r 38.3744 
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The method here described is exceed- 
ingly simple and accurate, and will, it is 
hoped, find favor with those who have 
difficulty in using the ordinary modes of 
calculation. It is not uncommon for the 
graduations on many safety-valves to he 
wrongly marked, and it is important for 
steam users to know certainly whether 
or not they are correct, 

A simple experimental test of the ac- 
curacy of the adjustment of a safety- 
valve may be made without removing it 
from its position on the boiler. The 
method is described below, the account 
being taken from an article by the 
writer published in the Scientific Ameri- 
can for Oct. 31, J8T4. 

" Secure the valve stem of the safety- 
valve to the lever with wire or string, 
and attach a loop to the lever, into 
which pass the hook of an accurate 
spring balance, arranging the loop so 
that it is directly over the center of the 
valve stem. Then take hold of the up- 
per part of the spring balance and lift 
the valve slightly, noting the reading of 
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the balance. Measure the lower diame- 
ter of the safety-valve, and find its 
area ; divide the reading of the spring 
balance by the area of the valve, and 
the result will be the pressure, in pounds 
per square inch, at which the steam will 
raise the safoty-valve. Suppose, for in- 
stance, that the diameter of the safety- 
valve is 1 inch ; its area Tvill be about 
fflft.% of an inch. Now, if the tension of 
the spring balance in raising the valve is 
120 pounds, the pressure at which the 
valve will rise is the quotient arising 
from dividing 120 by-fiftWr. or 153 pounds 
per square inch." 

B. — Graphical Method. 
The statical problems in connection 
■with safety-valves can also be solved 
graphically or by construction. A force 
can be represented in intensity and di- 
rection by a straight line, by assuming 
some unit of length for the unit of in- 
tensity. For instance, if the force is 5 
pounds, it may be represented by a line 
§ of an inch in length. To simplify the 
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graphical solution, the several construc- 
tions upon which it depends will be pre- 



1. Two or more piwaUel forces, acting 
in the same direction on a lever, being 
given, to find the direction, intensity, and 
point of application of a single force 
which can replace them and produce the 
same effect. 

Iq Fig. 3, the lever, A B, is acted 
upon by two parallel forces, D, and 
E F. Lay ofE horizontally to the right 
of ^, and the left of C, any two distances, 
Ea, Ch, equal to each other. From a 
draw a a parallel to EF, and from F 
draw Fc parallel to Ea, forming a rect- 
angle, EaPc, on the two adjacent 
sides, Ea, EF, Also complete the 
rectangle, C 5 t? ZJ, of which Ch, CD, 
are the adjacent sides. Through the 
points Cand ^draw diagonals, dC, cE, 
to the two rectangles, and produce them 
until they meet in the point, e. Through 
e draw a line, 6 H, parallel to C2> and 
EF, and the point G, in which it cuts 
the lower line of the lever, will be the 



3> Google 




point of application of a force which will 
singly produce the same effect as the 
two forces, GD,EF. Make GS" equal 
to the sum of CD, and E F, and it will 
represent the intensity of the required 
force, which is called the resultant of 
the other two forces. 

If there are three forces to be re- 
placed by a single one, after finding the 
force that is equivalent to two of them, 
consider this and the third force as two 
single forces, and proceed as before. In 
this way any number of parallel forces 
acting in the same direction can be^ re- 
placed by their resnltant, which is a 
Bingle force, equivalent in effect to all 
the others. 
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2. The intensiti/ and point of applica- 
tion of a vertical force acting on a lever 
being given, also the position of the ful- 
crum, to find the intensity of a paraild 
force, acting at a given point of the lever, 
which wiU balance thefwat force. 

D E, Fig. 4, is the given force, C the 
falcrum, and F the point at which the 
required force must act and balance D E. 
Draw a vertical line, G e, from the ful- 
crum. Lay off, to the right of D and 
the left of F, any two distances, D a, 
Fb, equal to each other. Complete the 
rectangle, D a cE, and draw a vertical 
line, b d, from the point b. Through D, 
draw a diagonal to the rectangle i>«c^, 
and produce it until it meets the vertical 
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line through the fulcrum in the point e. 
From e, draw a line through J", the 
point of application of the required 
force, continuing it until it meets the 
vertical line drawn from b in the point d. 
Complete the rectangle of which bF, 
i d, are the adjacent sides, and F 6 will 
be the force required to balance i>^. 



ST 



-^r 



$, The intensity/ and point of applica- 
tion o/ one vertical /orce, the intensity of 
a second parallel force, and the position 
of the fulcrum, being given, to find the 
point of application of the second force, 
in order that it tnay balance the first one. 

F G, Fig. 5, is the force whose intens- 
ity and point of application are given. 
G is the fulcrum, and a & is the intenBit7 
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of the second force. Draw a vertical 
line, Ce, from the fulcrum. Lay ofE 
from F, towards the left, any distance, 
F c, and complete the rectangle Fc dQ, 
Throngh F draw a diagonal to the rect- 
angle, continuing it to e, where it meets 
the vertical line drawn from the ful- 
crum. In any convenient place, lay ofE 
a horizontal line, fg, equal to F c, and 
from the point </ draw the perpendicnlar 
fr A, equal to ab. Through the points/ 
and h, draw the \mefh, and from 6 draw 
a line, el>, parallel to /A. The point 
D, in which the line last drawn meets 
the lower side of the lever, is the point 
of application of the second force ; and 
D B, equal to a i, represents that force 
applied at such a point as to balance 
F G. 

By the application of the graphical 
methods just explained, it will be easy to 
solve the problems previously determined 
by experiment. 

\st. Tofind with what steam pressure 
a safety voice wiU rise. — On the lever A 
S, Fig. 6, mark the fulcrum C. To the 
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right of Clay ofE the distance CD, C G, 
C I, equal to the lever arms of the valve, 
the lever and the weight respectively ; 
and to the left of C lay oflE the distance 
C L, equal to C D. Also draw verti- 
cal lines, D F, O M, I K,to represent 
the we^hts of the valve, lever and ball. 
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Find by construction a smgle force, P 
It, which can replace these three forces 
and produce the same effect. This is 
done \)j replacing G M and IK by a 
single force, N 0, and then finding a 
force, P M, which is equivalent to N O 
and _Z> I". Then construct the force L 
M, which acts at the point I and 
balances P S, or the three forces, I> F, 
G S, I K. L M represents the total 
pressure on the valve in pounds, and this, 
being divided by the area of the valve in 
square inches, will give the pressure of 
the steam, in pounds per square inch, at 
which the valve will rise. 

Ind. To find where to place the weight 
on the lever of a given sqfety-valw, in or- 
der that the vahie may rise loith a given 
steam pressure. — In Fig. 7, i ^repre- 
sents the required pressure in pounds per 
square inch multiplied by the area of the 
valve in square inches, I? I" is the weight 
of the valve, ff J ie the weight of the 
lever, and a b ja the weight of the hall> 
the points of application of all the 
weights, except that of the ball, being 
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given. Replace J) i^and & JIhj a sin- 
gle force, J* -H, which will produce the 
aame effect, and find Z i\^ a force acting 
at JJ, and balancing 1" Jt. Subtracting 
£ iV from the whole force i M, there 
remains X 0, which must be balanced 
by the weight of the ball a b. Then, by 
the third construction, previously given, 
find the point I at which the ball must 
be placed in order to balance X 0. 
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In the use of the graphical method 
for testing the accuracy for proportion- 
ing the parts of safety-valves, the scale 
on which the construction is rndde should 
be as large as possible, in order that ap- 
parently trivial errors on a drawing may 
not be magnified greatly in the practical 
applications. 

C— -Analytical Method. 

The mode of calculating the parts 
of safety - valves from given or ob- 
served data will now be presented- 
And first it may be well to say some- 
thing in regard to the means of as- 
certaining the weights of the various 
parts, and the position of the center of 
gravity of the lever. The most obvious 
method of determining the weight of any 
thing is to weigh it, and the center of 
gravity of a lever is most readily found 
by balancing a lever upon a knife-edge. 
It is not always convenient, however, to 
make these experiments. Sometimes no 
facilities for weighing the parts are at 
hand, and in Certain cases it may be nee- 
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eseary to make the calculations from such 
data as can be obtained from a drawing. 
When the parts can be removed, their 
■weights can be determined approxi- 
mately by experiment. Immerse each 
part in water, using a shallow vessel, and 
mark how much the water rises, which 
will give, by a simple calculation, the 
volume of the pai't in cubic inches. 
Having ascertained the number of cubic 
inches in a part, the weight can be ob- 
tained by multiplying this number 

By 0.8778, if the part is of wrought iron. 
By 0.3604, '■ " " cast iron. 
By 0.2917, " " " brass. 

The weights so found will generally be 
only approximate, but will be tolerably 
accurate, if the experiment is carefully 
performed. 

When only the dimensions of the parts 
are given, their volumes mast be deter- 
mined by calculation. The valve and 
weight will ordinarily present no diffi- 
culties, as they have forms for which 
rules are given in most 'worka on mensu- 
ration, and their centers of gravity usu- 
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ally coincide with their geometrical cen- 
ters. Having found their volnmes in 
cubic inches, their weights can be ob- 
tained by multiplying these volumes by 
the weight of a cubic inch of the mate- 
rial as given above. The lever, not un- 
frequently, is quite irregular in form, and 
the center of gravity is scarcely ever in 
the middle of the bar, "Whatever its 
shape, however, its volume can be found 
with great accuracy by the method to be 
explained. Make a drawing of the lever 
in plan and elevation, as shown in Fig. 
8, <7i> being the plan, and E F the el- 
evation, the form of the lever being 
much more irregular than is usual in 
practice. To determine the volume of 
this lever in cubic inches, it will be nec- 
eeeary to find the area of one face, as, 
for instance, the elevation and the m.eaji 
width of the other. In finding the mean 
width, the area of the face represented 
on the plan will first be calculated, and 
then divided by the length. To calcu- 
late the area of either of these faces, di- 
vide it into any even number of parts, 
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by equi-distant lines drawn perpendicu- 
lar to any line, aBBumed aB may be moat 
convenient. Thus, in Fig. 8, the eleva- 
tion is 80 irregular that a straight line 
would not lie wholly within it, and A S 
is drawn without, and the elevation is 
divided into 20 parts, by equi-distant 
lines perpendicular %o AB. In the plan, 
the line C I>iB within the figure, and 
the same number of equi-distant lines 
are drawn, perpendicular to C D. These 
perpendicular lines are called ordinateBj 
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and it will be observed that &b the num- 
ber of divisions of a face is even, tlie 
number of ordinates is uneven. Num- 
ber the ordinates from first to last, 1, 3, 
3, 4, etc., and measure their lengths, 
either between the boundaries of the 
faces or between the boundary on one 
side, and the straight line, which is called 
the base. Then the area of a face, or 
the area between the base and the bound- 
ary on one side (according to the man- 
ner in which the ordinates are measured), 
can be found by the following rule : 

Add together the first and last ordi- 
nates, four times the sum of the even 
numbered intermediate ordinates, twice 
the sum of the odd numbered ordinates, 
and multiply the sum so obtained by one- 
third of the distance between any two 
consecutive ordinates. 

In Fig, 8, the lever is supposed to be 
20 inches long, and the distance between 
ordinates is one inch, so that there are 
30 divisions, and 21 ordinates. This ex- 
ample is merely for the sake of illustra- 
tion. Where great accuracy is required, 
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the ordinatee should be taken much 
closer together. The lengths of the or- 
dinates are shown on the drawing, the 
dimensions being in inches. The diam- 
eter of the hole in the lever is 9-10 of an 
inch. To find the area of the elevation, 
the area included between the base A B 
and the boundary of the figure nearest 
to it will be calculated and subtracted 
from the whole area between the baae 
and the outside boundary. The follow" 
ing are the calculations : 



..S.90 g 8.45 

..4.10 11 4.84 

..5.56 13 8.84 

..7.04 15 7.67 

..8.13 17 8.40 

..8.48 19 8.83 

..7.73 

44.99 
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Sum ot even-imm'bered ordinatos 49.59 

Multiply by 4 



Sum of odd-numbered ordinates 44.9! 

Multiply by ! 



S97.19 
MulUplyby | 

Area between base aad nearest boundary 



ABBA BETWEEN BABE AKD OUTSIDE BOrMDAKY. 



BFen-oa 


mbeiea 


Odd-Di 




oraini 




ordinatBB. 


3 


..5,13 


3 


..,5,44 


4 


..5.13 


5 .... 


...47S 


6 


. .4.76 


7 


...4,91 


8 


. .5.15 


9 


. . .5.50 


10 


.,5.91 


11 


...0,41 






13 

ra 




14 


. .8.01 


...8.44 


16 


..8,89 


17 


...9,05 


18 


. .9,14 


19 


...8.94 


SO 


, .8.77 
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181.81 

sn.ao 

10.68 



Area between base and outer Ijouadary 

(Bquare inches) 134.57 

Subtract 99.06 

Area of elevatiou of lever, square incbea 35J51 



1 2,00 

21 1.00 



3.00 



iA OF pl; 


IN OF MVBR. 




%.... 


. . .3.00 


3.... 


....3.00 


4 


...3.00 


5.... 


....1.70 






7.... 
9.... 




8 


...3.11 


. . . .3.83 


10 


...S.30 


11.... 


....3.4fl 


12 


...3.43 


13... 


....3.45 


14 


. . .3.52 


15.... 


. . . .3.50 






17.... 
19. . . . 


. ...2.a3 


18... . 


...3.15 


....1.8S 


20 


. . .1.44 














19.40 



3> Google 



3.00 
136.68 

i 

Area of plan of lever, in square inches. . 43.23 
Divide by lengtli of lever 20)43.33 

Average widtli of plan 3.11 

Multiply by area of elevation 35.51 

Volume of lever in cubic inches 74.9261 

Deduct volume of hole 1,3733 



Multiply by weight of a cubic inch of 

iron 0.3778 

Weight of lever in pounds 30.47 

This method of finding the area of an 
irregular figure is very useful in many 
cases that arise in practice. It ■will be 
a good plan for the reader to calculate 
the weight of a lever in the manner here 
explained, and compare it with the 
■weight as ascertained by trial. 

The position of the center of gravity 
of any lever can also be found by calcu- 
lation, and the manner of doing it will 
now be explained. It may be well to 
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^ve, in the first place, a few definitlona 
and illustrations. 

The resultant of two or more forces is 
a single force, whose action is equal to 
the combined effect of the several forces 
which are called components. 

The moment of a force with reference 
to any point is the product arising from 
multiplying the intensity of the force hy 
the distance of the point from the force 
measured in a straight line drawn from 
the point perpendicular to the direction 
of the force. This distance is called the 
arm of the force. 

When any number of forces act in the 
same plane, the moment of the resultant 
is equal to the sum of the momenta of 
those forces which tend to turn a body in 
the same direction that the resultant 
does, diminished by the sum of the mo- 
ments of those forces that tend to turn a 
body in the opposite direction. This is 
generally more concisely expressed by 
saying that the moment of the resultant is 
equal to the algebraic eumof the moments 
of the components. In Pig. 9 an illustra- 
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tion of this principle is given.- Four 
forces in the same plane, represented by 
the darts u, h, c, d, are acting at the 
points B, G, J), E oi a, body which is se- 
cured so that it can only turn aronnd 
the point A, and r is a single force which 
will produce the same effect as these 
four forces, or it is the resultant of a, b, 
c, d. TTie perpendicular lines drawn 
from the point A to the directions of the 
several forces represent the arms of these 
forces. An inspection of the figure will 
show that the forces a, b, tend to turn 
the body in the same direction that the 
resoltant does, while the forces c, d, tend 
to turn it in the opposite direction. The 
analytical statement of the principle 
given above will, then, be : 
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—(cxAM+dxAI) 
From this equation it appejirs that if 
all bat one of the parts in any example 
of this tind are tnown, the other can 
readily be ascertained. Suppose, for in- 
stance, that the intensities of all the 
forces are known, and all the arms, ex- 
cept that of the resultant, as follows ; 

a = 108 pounds A6 = US incites. 
6 =114 " AK= no " 
c = 73 " Aff^ 65 " 
d= 81 " AZ= 75 " 

r = 150 " 

From these values the following equa- 
tion can be formed : 

160xAC= 8, 10(»-fl9,38{M4, 680-1-6075) 
=37,480—10,755 
=16,735 
and^i;=16,735 + 150 
=111^ inches. 

The lever of a safety-valve is acted 
upon at every point by a force which is 
the weight of the particle at that point, 
and the resultant of all these forces is 
their sum, or the weight of the whole 
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lever, and the point at which it acts is 
the center of gravity of the lever. This 
point, then, can be found with sufficient 
accuracy, by supposing that the lever is 
divided up into such small parts that 
the center of gravity of each can be es- 
timated at its geometrical center, with- 
out serious error, and its weight calcu- 
lated as if its faces were trapezoids— so 
that an equation can be formed with the 
movements of these forces. In Fig. 8 
the lever is dividedinto 20 parts, and the 
weight of each is calculated, being shown 
by the darts on the elevation. 

The moments of the force are referred 
to the point E, and the calculation by 
which the center of gravity is found, is 
given below : 



1— 2,-0.9i 



6,-1.33 X 


45 == 6.88 


7,-1,34 X 


e.e = 7.37 


8,-1.36 X 


6.5 = 8.84 


9,-1.35 X 


7.5 = 10.13 
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9—10,-1.37 X 8.6 = 


10.79 


10_11 _1,14 X 9.5 = 


10.83 


H— 13,— 1.03 X 10.5 = 


10.83 


13—13,-0.87 X 11.5 = 


10-00 


18—14,-0.76 X 12.5 - 


9.50 


1^15,-0.63 X 13.5 = 


8.51 


15—16,-0.55 X 14.5 = 


7.97 


16— 17,— 0.49 X 15.5 = 


7.60 


17-18,-0.43 X 16,5 = 


7.09 


18-19,-0.36 X 17.5 = 


6.30 


I9_aO,— 0.40 X 18.5 = 


7.40 


30—31,-0.51 X 19.5 = 


9.95 



Calling JSHihi distance from the end 
of the lever to the center of gravity, and 
i-ecollecting that the resultant ie equal 
to the weight of the lever, 

30.47 X EE:= 153.43: 
Whence, E H = ll inches. 
This mode of determining the center 
of gravity of a lever is quite tedious, 
if the parts are taken small enough 
to secure great accuracy, but it is use- 
ful in case the plan by trial is impossi- 
ble. 
The condition that a safety-valve shall 
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rise at a given pressure of steam requires, 
as has already been stated, that the 
forces tending to hold the valve down 
shall be jnst balanced by the tendency of 
the opposing forces to raise it. In Fig. 
1 there are three forces holding the valve 
down, the weight of the ball, W, the 
weight of the lever, L, and the weight 
of the valve V, and these must be bal- 
anced by the pressure of the steam, P. 
When any number of forces balance 
each other, tbe sum of the moments of 
the forces which act in one direction is 
equal to the sum of the moments of the 
forces which act in the other direction. 
Hence the following equation will rep- 
resent the action of the forces when the 
valve is just balanced : 

PX,p=Wxto-\-Lxl+ Vxp. 

If any seven of the quantities in this 
equation are known, the other can be de- 
termined. The equation can, howeveri 
be changed a little, ao as to be more gen- 
erally useful : 
I^t S^ pressure of steam in pounds per 
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aqnare inch, D = diameter of valve in 
inches ; then, 

P= 0.7854 X }>' X S, 
and the eqnatibn becomes : 

0.7854 Xl>'XSXp 
= WXm+Zxl+ V Xp. 

For the ordinary cases that arise in prac- 
tice the equation will take the following 
formB ; 

Ist. To find the pressure per square 
meh at which a given valve will open : 

Wx to + Lx C + Vxp 
S= 

0.7854 xI>'Xp 

2d. 2b find where to place the loeighi on 
a given safety valve, so that it shall open 
at a given pressure per square inch : 



8d. To find t 
valve must have, all the other parts being 
known, to open at a given steam pressure : 
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^-^ ' 0.7854x5XiJ } 

As many who are familiar with arith- 
metic, but do not understand algebraic 
expressions, may like to use these rules, 
they are translated below : 

1st. To find the pressure per square 
inch at which a given valve will open. 

Measure the following distances hori- 
zontally from the fulcrum to ; 

1. The center of the valve stem. 

2. The center of the weight. 

3. The center of gravity of the lever, 
or the point on which it will balance if 
placed upon a knife-edge. 

Measure the diameter of the valve, 
and determine its area, either by a table 
or by multiplying the square of the di. 
ameter by 0.7854, 

Find the weight of : 

1. The valve. 

2. The lever. 

3. The ball. 
Multiply — 

(1). The weight of the ball by its 
horizontal distance from the fulcrum. 
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(2). The weight of the lever by its 
horizontal distance from the fulcrum, 

(3), The weight of the valve by its 
horizontal distance from the fulcrum, 

(4). The area of the valve by its hori- 
zontal distance from the fulcrum. 

Add together the first three products 
and divide the sum by the fourth pro- 
duct. 

Example. — A given safety-valve has 
a weight of 50 pounds 24 inches from 
the fulcrum, the lever weighs 6 pounds, 
and its center of gravity is 15 inches 
from the fulcrum ; the weight of the 
valve is 2 pounds, and its center is 4 
inches from the fulcrum. The diameter 
of the valve is 2 inches. At "what preea- 
nre will the valve begin to rise ? 

Square of diameter 4 

Multiply by 0.7854 

Area of valve in square inches . . .3.1416 

(1). 50 limes 24 is 1,300 

(3). 6 " 15" 90 

(S)- 3 ■' 4" 8 

(4.) 3.1416" 4" 13.5664 

The sum of (1), (2) and (3) is 1,298, 
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■ffhicli divided by 12,6864 (the fourth 
prodnet) is 103.03, the pressure in 
pounds per square inch at which the 
valve ■will open. 

2. To find where to place the weight 
on a safety-valve, so that it shaU open at 
a given pressure of steam: 

Multiply — 

(I). The weight of the lever by the 
horizontal distance of its center of grav- 
ity from the fulcrum. 

(2). The weight of the valve by its 
horizontal distance from the fulcrum. 

<3), Thearea of the valve by the press- 
ure of steam in pounds per square inch, 
and by the horizontal distance of the 
valve from the fulcrnm.. 

Add together the first two products, 
snbtract their sum from the third pro- 
duct, and divide the difference by the 
weight of the ball. 

Example- — The ball of a safety-valve 
weighs 100 pounds, the lever weighs 10 
pounds, the valve weighs 2 pounds and 
h£« a diameter of 3 inches. The dis- 
tance of the center of gravity of the lever 
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from the fulcrum is 25 inches, and the 
distance of the center of the valve from 
the fulcrum is 5 inches. How far from 
the fulcrum must the valve he placed, in 
order that the lever may open at a press- 
ure of 100 pounds? 

Area of valve 7,07 square inches. 



707 " 5" 3,535 

Adding together products (1) and (2) 
■we have as their sum 260 ; subtracting 
this from 3,535, the third product, we 
have 3,275. Dividing this difference by 
100, the weight of the ball, we have 
32.76, or 32| inches as the distance from 
fulcrum to ball, 

3d. To find what diameter a safety- 
valve must have, the other parts being 
known, to open- at a given steam pressure : 

Multiply, 

(1), The weight of the ball by its hori- 
zontal distance from the fulcrum, 

(2). The weight of the lever by the 
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horizontal distance of its center of grav- 
ity from the fulcrum. 

(3). The weight of the valve by the 
horizontal distance of its center from the 
fulcrum. 

(4), The pressure of steam in pounds 
per square inch by the horisiontal dis- 
tance of the valve from the fulcrum, and 
by the number 0.7854, 

Add together the first three products, 
divide their sum by the fourth product, 
and take the square root of the quotient. 
Example. — Weight of ball, 60 pounds; 
lever, 7 pounds ; valve, 3 pounds. Dis- 
tances from fulcrum : ball, 30 inches ; 
center of gravity of lever, 16 inches; 
center of valve, 3 inches. Pressure of 
steam, 70 pounds per square inch. What 
should be the diameter of the valve ? 

(1). 60 times 80 la 1,800 

(S). 7 " 16 " 113 

(3). 3 " 3 " 9 

(4). 70 " 3 " 310 

210 " 0.7854 '■ ....164.934 

The sum of the first three products 
(1,800, 112 and 9) is 1,921. Dividing 
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this anmby 164.934 (the fourth product), 
■we have 11.647 inches. The square 
root of this number is 3.41 + inches, which 
by the rule is the required diameter of 
the valve. 

Instead of weights, springs are some- 
times employed to hold down safety- 
valves. The calculations involving mere- 
ly the condition that the valve shall 
open at a given pressure, are the same 
as those previously employed, except 
that the tension of the spring is to be 
substituted for the weight of the ball, 
this tension being first determined by 
experiment. Having ascertained the di- 
mensions of a spring most suitable for a 
^ven case, it is easy to calculate the 
dimensions of a spring for any other case. 
Knowing, for instance, the cross-section 
of a spring adapted to one pressure on 
the valve, make a proportion, thus : 

Cross Cross sec- Pressure Pressure 

section of . tion of , . on . on 

given ■ required ' ' first ■ second 
spring. spring. valve. vaiTe. 

The pitch of the second spring, or the 



3> Google 



distance from the center of one coil to 
the center of the next, ie found by the 
following proportion : 



Example.— It is a common practice in 
proportioning the parts of direct-loaded 
spring safety-valves to use a spring of 
the following dimensions : for a valve 3 
inches in diameter and 100 pounds steam 
pressure, a spring made of square steel, 
having a cross section of i of a square 
inch, and a pitch of one inch, the side of 
a square equal in area to the cross sec- 
tion being, of course, ■} inch. What 
should be the proportions of a similar 
spring for a valve 5 inches in diameter, 
and a steam pressure of 50 pounds per 
square inch ? 

Area of first valve 7.07 in. 

Multiply by steam pressure 100 

Total pressure on flrat valve. . . 707 
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Area of second valve 19. 64 in. 

Multiply by steam preasure 50 

Total pressure on second valve . 983 

To find cross section of required 
spring : 

and by the rule for prop«rtion, the pro- 
duet of the two extremes (245.5), divided 
by the third term (101), Tpill give the 
second term. Now 245.5 divided by 707 
is 0.34724 in., equals cross section of sec- 
ond spring. The square root of 0.32724 
is 0.589 + , and this is the side of a square 
equal in area to cross section of second 
spring. 

To find pitch of second spring : 

i-..S''.?Lg ■■»•»■.«•"■ 

Here we solve the problem by multiply- 
ing 1 by 0.589 and dividing the product 
by 0.5, which gives 1.178 inches for the 
pitch of second spring. 
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m. Pkoper Diameter toe a Sapbtt- 
VAxyB, 

There are seven rules, commonly 
quoted by different authorities, for de- 
termining the area of a safety-valve. 
They are given telow, with an example 
to illustrate their use : 

Let 

6~Bq\ia,rG feet of grate surface in 
boiler. 

ff=square feet of heating surface in 
boiler. 

(7— pounds of coal burned per hour. 

W= " " water evaporated per 
hour. 

P=preBHure of steam, as shown by 
gauge. 

^=area of safety-valve in square 
inches. 

When the area is known, the diameter 
of the valve can be found by dividing 
the area by the number 0.7834, and ex- 
tracting the square root of the quotient. 

1. United Stales Mule. — Allow one 
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square inch of area in tlie valve for -25 
square feet of heating surface in the 
boiler, or 

H 
A= 

25 

2. Mnglish Rule.— 'Fox hollers with 
natural draft, allow half a square inch 
of area in the valve for each square foot 
of grate surface, or 

G 
A= 

3 

3. French Rule. — 1. Multiplylhe grate 
surface hy the number 22.5. 

2. Add the number 8.62 to the steam 
pressure. 

3. Divide the first quantity by the sec- 
ond. The quotient will be the area of 

ffx22.5 



4. Molesworth's .Bwfe.— Allow a valve 
area of eight-tenths of an inch for each 
square foot of grate surface, or 
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^=Gx0.8. 

5. Professgr Thwston's First Hide. — 
1, Multiply the pounds of coal burned 
per hour by the namber 4. 

2, Add the number 10 to the steam 



Divide the flrat quantity by the sec- 
ond, or 

4 

F+IQ 

6. Professor Tkuraton's Second Mule. 
— 1. Multiply the heating surface by the 
number 5. 

2. Add the number 10 to the steam 
pressure, and multiply the sum by the 
number 2, 

Divide the first quantity by the aec- 
ond, or, 

5R 



2(i'+20) 
1. Professor Rankings RuU. — Allow 
a valve area of six-thousandths of an 
inch for each pound of water evaporated 
per hour, or, 

^=0.006 W 
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In many caBes these rules give 'widely 

di£Eerent results, as will be illustrated by 
their application to an example. 

It ia required to find the area of a 
safety-valve for a boiler having 16 square 
feet of grate surface, 4V2.5 square feet 
of heating surfaJM, carrying 40 pounds 
of steam, burning 210 pounds of coal, 
and evaporating 1,470 pounds of water 
per hour,. 

1. United Slates Jtuk : 
473.5+35=18.9 square inclies=area required. 

2. English Ride : 

15-*-3=7.5 square inches— area required, 

3. French Rule: 

40+8.63=48.63. 

15x33.5=337.5. 

337.5+48.63=6.94 square inclies^area required 

4. Molesworth's Mule: 
15x0.8=13 square inclies=area required. 

5. Professor Thurston's First Mule: 
40+10=50. 

SlOx 4=840. 

840+50=16.8 square inclies=area required, 

6. Professor Thv/fstorCs Second Rule: 

40+10=50. 
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50x3—100. 
472.5x5=2,362.5, 
2,363.5+100—33.63 sq. inches— area required. 

T.IProfessor Mankine's Rule : 
1,470 X 0.006 io.— 8.83 sq. iaehes— area required 

It is not remarkable that these rules 
should give such varying results, TFlien 
it is remembered that the performance 
of different boilers of precisely the same 
dimensions varies greatly. A safety- 
valve should have such proportions that 
it can permit all the steam to escape 
that a boiler can generate when forced 
to the utmost extent. Hence its area 
depends upon : 

1. TAe amount of steam to be dis- 
charged in a given time. 

2. The lift of the valve. 

3. The velocity with which the steam 
escapes. 

There is such a difference in the 
am.oant of coal burned per square foot 
of grate per hour in different boilers, 
and the amount of water evaporated per 
pound of coal, that it would seem im- 
possible to use the same constants in a 
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formula for all casea. It is believed, 
however, that the following estimates 
give a most liberal allowance on the side 
of safety : 

Ponndsofcoal PounijBOt 



Stationary and marine boil- I i g a 

era with natural draft > 

Stationary and marine boil- ) an 7 

era with forced draft > 

Locomotive boilera 100 6 

On these assumptions, the ponnds of 
water evaporated, and consequently the 
weight of steam that the safety-valve 
would have to release per hour for each 
square foot of grate surface would be: 
For stationary and marine boilers with 

natural draft. 135 

For stationary and marine boilera with 

forced draft 310 

For locomotive boilera 60O 

These figures, aa has been stated, rep- 
resent much better than average per- 
formance, and can readily be modified to 
suit any particular case. Of course, in 
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constructing a formula for general uae, 
in the abaence of precise data, and in 
view of the varying results obtained 
from boilers of the same kind, the esti- 
mate should be taken high enough to in- 
clude all cases. 

One element of the proposed formula 
for the diameter of a aafety-valve for 
any given boiler, then, will be the num- 
ber of square feet of grate surface in the 
boiler, multiplied by a constant. 

The amount of opening afforded by a 
safety-valve for the escape of steam de- 
pends not only on its diameter, but also 
on the distance that the valve lifts. In 
order that the area for escape shall be 
equal to the area of the valve, it is neces- 
sary that the lift should be one-quarter 
of the diameter of the valve. 

A valve without bevel. Pig. 10, evi- 
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dently gives an opening, when raised, 
equal to the aurface of a cylinder having 
the same diameter, a b, as that of the 
valve, and a height equal to the lift, c h. 
Hence tJie rule for finding the opening of 
a flat vcUve, due to a given lift, will be as 
follows: multiply the diameter of the 
valve by the lift, and by the number 
3.14ie. 

£kample. — A flat valve 3 inches in 
diameter lifts 1-16 of an inch. What is 
the area of the opening ? 

Lift 0.0685 

Multiply by 3. 1416 

0.196+ 
Multiply by 3 

Area of opening ia square inches. . . . 0.589-|- 
If the valve has a bevel, as shown in 
Fig. 11, until it lifts clear of the seat the 
opening will be equal to the surface of 
the frustum of a cone, of which the 
diameter, a b, of the upper base is the 
same as that of the valve, the slant 
height, b e, is the perpendicular distance 
between the lower edge of the valve and 
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the seat, and the diameter of the I 
base, _/"e, is the diameter of the seat, 
measured at the intersection of perpen- 
diculars b e, a/, from opposite points of 
the lower edge of the valve to the seat. 
The bevel or inclination of the valve is 
the angle of inclination to a vertical line, 
/ca, ore4b. 

To find the amount of opening afforded 
hy a valve leith beveled seat for any lift 
less than the d&pth of the seat. 

(l). Multiply the diameter ofthc valve 
by the lift, by the sine of the angle of 
inclination, and by the namber 3.1416. 

(2). Multiply the square of the lift by 
the square of the sine of the angle of in- 
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clination, by the cosine of this angle, and 
by the nnmber 3.1416. 

Add these two products. 

jEJxample.—The diameter of a safety- 
valve is 2| inches, the seat is f of an 
inch deep, and has a bevel of 25 degrees. 
What is the area of opening, for a lift of 
i of an inch ? 

Sine of 35° 0.428 

Multiply by lift 0.25 

a 10ft- 
Multiply by 3-1416 

0.833 
Multiply by diameter of yalve 3.5 

iBt Product 0. 83+ 

Square of sine of 25° 0,179 

Multiply by cosine of 25° 0.806— 

0.162+ 

Multiply by square of lift 0.0635 

0,0101+ 

Multiply by 3,1416 

2dproduct 0.03+ 

Add 1st product 0.83+ 

Area of opening in square inches 0.86+ 
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It often happens that the depth of the 
bevel is very slight, so that the valve 
lifts clear of the seat. In such a case 
the opening must be computed for a 
beveled valve with a lift equal to the 
depth of the seat, and for a flat valve 
with the remainder of the lift. 

Example. — The diameter of a valve is 
4 inches, the bevel is 35°, and the depth 
of seat i of an inch. What is the area 
of opening for a lift of f of an inch ? 

First calculate the the area of opening 
for a beveled valve, with a lift of i inch, 
the depth of the seat. 

Sine of 35° 0.5745 

Multiply by 3.1416 

1.8 
Multiply by lift 0.35 

0,45 
Multiply by diameter of valve 4 

First product 1.80 

Square of sine of 35° 0.329 

Multiply by cosine of 35° 0.819 

0.369 
Multiply by 3.1416 

0.85 
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Multiply tiy square of lift 0.0685 

Second product 0,05 

Add first product 1.80 

Area of opening, in square inchea, 

in lifting clear of seat 1.85 

Next calculate the amount of opening 
due to the lift above the seat, which in 
this case is ^ of an inch : 

Lift 0.125 

Multiply by 3.1416 

0.3927 
Multiply by diameter of valve 4 

Area of opening due to lift above 

seat, in square uiclies 1.57 

Add opening due to lifting clear of seat 1 .85 

Total area of opening, in square 
inches 8.43 

The most usual bevel for valves is an 
angle of 45°, and 30" is also frequently 
adopted. As a matter, of convenience, 
the rules have been somewhat simplified 
for these cases. 

To find area of opening for a lift less 
than depth of seat, when the level of the 
valve is 45 degrees. 
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1. Multiply the diameter of the valve 
by the lift, and by the number 2.22. 

2. Multiply the square of the lift by 
the number 1,11, 

Add these two products. 

Example. — What is the area of open- 
ing of a 2-inch valve, for ^inch lift ; 
depth of seat, | inch ; bevel of valve 45 



1. Opening in lifting clear of seat, i 
noh^O.25 inch: 

(1). 3x3.33xi=l.ll. 
(2). 0.26x0.35x1.11=0.07. 
Adding the products (1) and (2) 

1 lifting 

2. Opening for lifting above seat, i 
inch: 

3.1418x^x3—1.57 equare inchea.in lift- 
ing above seat. 

1,57-j- 1.18— 3.76 square inches—total 
area of opeaing. 

To find area of opening for a lift less 
than depth of seat, when the bevel of the 
valve is 30°. 
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1. Multiply the diameter of the valve 
by the lift, and hy the number 1.57. 

2. Multiply the square of the lift by 
the number 0.68. 

3. Add the two products. 
Example.— A 4 -inch valve has a bevel 

of 30°, and the depth of seat is | inch. 
What is the area of opening for a lift of 
3-16=0.1875 of an inch? 

(1). 4:X0.18'75X1.57 = 1.18 

(2.) 0.1875 X 0.1875 X 0.68 — 0.035 X 
0.68—0.02 

(3). 1.18 + 0.02= 1.2 square inches= 
area of opening. 

The analytical expresBions for the pre- 
ceding rules are given below, together 
with the valaes of the sines and cosines 
of angles from 20" to 50°. 

Let 

i>=diameter of valve in inches. 
;=lift 

a— angle of bevel. 
d= depth of seat, in inches 

j4 — area of opening, in square inches. 

1. When there is no bevel : 
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A=3.Ul6xlxD 

2. Beveled valve, lift less than depth of 
seat. 

^ = 3.1416X[-OX^Xsina + ;'X(ema)' 
Xcos «] 

3. Beveled valve, lift greater than 
depth of seat. 

^^3.1416 X[/>X(^X sin rt + ffx(sm a)' 
Xcos a +I}X(l—d)] 

4. Bevel of 45°, lift less than depth of 
seat : 

^^2.22Xi>X^+l.llXf 

5. Bevel of 45", lift greater than depth 
of seat. 

A = 2.2ZXJ>i<d+l.llxd* + ^.Ul&XD 
Xii—d) 

6. Bevel of 30°, l\ft less than depth of 
seat: 

A = 1.5'7XJ>Xl +0.68X1' 
1. Bevel 0/30°, lift greater than depth 
of seat : 

J^l.51>iJ>Xd + 0.6BX<^ + S.Uie>xI> 
X{l—d) 
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Angle. 


me. 


osine. 


Angle. 


ine. C 


oaine. 


SO" 


343 


940 


86° 


688 


809 


21° 


358 


934 


37° 


603 


799 




875 


937 


38° 


616 


788 




381 


931 




639 


777 


24° 


407 


914 


40° 


643 


766 


25° 


433 


90« 


41° 


656 


755 


36° 


438 






660 


743 


27° 


454 


891 


48° 


683 


731 




469 




44° 


695 


719 




485 


875 


45° 


707 


707 


80' 


500 


886 


46° 


719 


695 


31° 


615 


857 


4r 


731 






530 


848 


48° 


743 


669 




545 


839 


49° 


755 


656 


84° 


55S 


829 


50° 


766 


643 


SS" 


574 


819 









It will now be necessary to find the 
velocity with which ateam escapes 
through the opening afforded by a 
valve. Professor Ranbine determined 
that the number of pounds of steam. 
that will flow through an orifice having 
an area of one square inch, into the at- 
mosphere, in a second, is one -seventieth 
of the absolute pressure of the steam ; 
and this result has been confirmed by 
the experiments of Mr, Napier. It 
should be remarked that this rule ia only 
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approximate, as the conetants vary 
slightly for different pressures of steam, 
but it is sufficiently accurate for practi- 
cal purposes. The absolute pressure of 
steam is the pressure as shown by a steam 
gauge, increased by the pressure of the 
atmosphere, which is, on an average, 
14.7 poands per square inch, ^rom these 
principles, a rule can ie constructed for 
the area of opening required in any given 
case. 

Multiply the absolute pressure of steam 
in the boiler by the number 51.43, and 
divide the number of pounds of water 
evaporated per hour by this product. 

Example. — Suppose that a boiler evapo- 
rates 2,000 poundsof water per hour, what 
should be the area of opening afforded 
by the safety-valve, so that the pressure 
shall not exceed 100 pounds per square 
inch? 

Pressure by gauge 100.0 lbs. 

Add 14.7 

Absolute pressure 114.7 Iba. 

Multiply by 51.43 

5,889+ 
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2,000-^6,899=0.339+ =area of Opening 
in square inches. Knowing the area of 
opening required, if the lift is fixed, the 
diameter of the valve that will furnish 
the requisite opening with the given lift 
can be calculated. There are three gen- 
eral cases for which rules will be given : 

let. When the valve has no bevel — 
Multiply the lift of the valve by the 
namber 3.1418, and divide the area of 
opening by this product. 

Mxample — A safety valve is required 
to have one inch area of opening, with a 
lift of i inch. What should be its di- 
ameter ? 

Lift 0.35in. 

Multiply by 3.1416 

0.7854 
0.7854) 1.0000 

Diameter of valve l.S7+inches. 

2d. When the valve is beveled, and the 
lift is less than the depth of seat: 

1. Multiply the square of the lift by 
the square of the sine of the angle of in- 
clination, by the cosine of this angle, and 
by the number 3.1416. 
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2. Multiply the lift by the sine of the 
SDgie of inclination, ahd by the number 
3.1416. 

3. Subtract the first product from the 
area of opening, and divide the differ- 
ence by the second product. 

Example — -A safety valve has a bevel 
■of 32°, and the depth of aeat ie i inch. 
It is to lift ^ of an inch, and give an 
opening of 1^ square inches. What 
should be its diameter ! 

Square of lift 0.141 

Square of Bine of 33° 0.281 

Tlieir product 0.04 

Cosine of 33° 0.848 

Product of last two 0.034 

Multipiyby 3.1416 

And we have 0.107 

Areaof opening 1.500 

Subtract 0.107 



Lift 0.37fl 

Sineof 33° 0.53 



Theb product 0.199 
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Multiply bj 3.1416 

And we have 0.625 

Dividing 1.393 by 0.685 we have 
Diameter of valve^2.33+ineheB. 

3d. When the vahe is bevded, and the 
Uft is greater than the depth of seat : 

1, Multiply the square of the depth of 
seat by the square of the sine of the 
angle of inclination, by the cosine of the 
angle, and by the number 3.1416. 

2, Multiply the depth of Beat by the 
Bine of the angle of inclination, and by 
the number 3.1416. 

3. Multiply the difEerence between the 
lift and depth of seat by the number 
3.1416. 

4. Subtract the first product from the 
area of opening, and divide the difEer- 
ence by the sum of the second and third 
products. 

Example — A safety valve has a bevel 
of 33°, a depth of seat of J inch, and is 
required to give an area of opening of 2 
inches, with a lift of J inch. What should 
be its diameter ? 
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Square of depth of seat 0.0635 

Square of sine of 33° 0,897 

Product 0.01S 

Cosine of 33° 0,839 

Product O.Olfl 

Multiply by 8.1416 

Product 0.05 

Area of opening 3.00 in 

Subtract 0.05 

DifEerence is 1.95 

Deptbof seat 0,3S 

Sine of 33° 0.545 

Tlieir product 0. 138 

Multiply by 3.1418 

And we have 0.427 

Lift 0.50 

Subtract depth of seat 0,25 

The difference is 0.35 

Multiply by 3.1416 

And the product is 0.785 

Add 0.427 

1.313 
Now 1.95 divided by 1.212 gives the 
diameter of TalTe=1.61 inches, nearly. 
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It may be useful to give a summary of 
tlie foregoiDg rules, 

ibjirtd the proper diameter for a safety- 
valve: 

1. The number of pounds of water 
evaporated per bour is equal to the area 
of the grate in square feet multiplied by, 

135 \ "^*"^ stationary and marine 
' ( boilers with, natural draft ; 

o,/, j For stationary and marine 
' ( toilers witli forced draft ; 

600 . For locomotive boilers. 

2. Find the area of opening required 
to discharge this weight of steam per 
hour, the pressure of steam being given. 

3. Find the diameter of a valve that 
will afford the required opening, with a 
^ven lift. 

Example. — A stationary boiler with 
natural draft has 36 square feet of grate 
surface, and the pressure of steam is 90 
pounds. What should be the diameter 
of the safety-valve, the valve to have a 
bevel of 45°. a depth of seat of | of an 
inch, and to lift i inch ? 
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Grate surface 8.6 

Multiply by 135 

Pounds of water evaporated per hour . 4,860 

Steam pressure, per gauge 90 

Add 14.7 

Total pressure 104.7 

Multiply by 51. 43 



4,860+5,384.7 
Gifes area of opening in square inches— 0.903 

Sciuare of lift 0.0635 

Square of sine of 45° 0.5 

Their product 0.031 

Multiply by cosine of 45° 0. 707 

Andwehave 0.023 

Which, multipUed by 3. 1416 

Gives 0.069 

Area of opening 0.903 

Subtract 0.06B 

The difference is 0.83 

Lift 0.25 

Multiply by sine of 45" 0.707 

Product 0.177 

Multipiyby 3.1416 

Product 0.5B6 
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0■834-^0,556 = 1,5 inches ^diameter of 
valve. 
Tlie algebraic expressions for the pre- 
ceding rules are as follows ; 
Let 
J?=diameter of valve, in inches. 
;=lift 

a=angle of bevel. 
(?=depth of seat, in inches. 
ji=area of opening in square inches. 
(F=pounds of steam to be discharged 
through the safety-valve per hour. 

P=preasure of steam, in pounds per 
square inch, as shown by gauge. 

^=abBolute pressure of steam, in 
pounds per square inch. 

p-P + U.I 

W 



51.43 Xi) 
1 the valve hat no bevel: 
A 
D= 



2. When the valve is leveled, and ike 
lift is less than the depth of seat: 
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^ — 3.1416 X/'X {sin «)'Xcos a 

D= 

3.1416x?Xsinfl 
3. When the valve is beveled, and the 
lift is greater than the depth of seat: 
-3.1416 X(fX (sill «)''XcoH a 



D=- 



S.Ul&X (dxsin a + l—d) 
4. When the ievel of the valve is 45°, 
and the lift is less than the depth of seat: 
-l.WXl 



B= 



2.22X/ 



5. When the ievel of the valve is 45°, 
and the lifi is greater than the depth of 
seat : 

A-l.Wxd'' 
D^ 

2.22X(7+3.1416X(;— (0 

6. Whm, the bevel of the valve is 30°, 
and the lift is less than the depth of seat: 

^— 0.68xf 

i.srx; 

7. When the ievel of the valve is 30°, 
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and the lift is greater than the depth of 
seat: 

A—QMy.d' 

D= 

1.57 X(?+ 3.1416 x(?—d) 

It ■would be a good plan for thoaewho 
have charge of steam boilers to experi- 
ment with the safety-valves, and see 
whether they conform to these mlee. It 
will foe easy to measure the lift of a 
valve, when it opens under the highest 
pressure of steam that is to be carried 
on the boiler to which it is attached, 
and the other data needed can be readily 
ascertained. To determine the bevel of 
a valve, measure its greatest and least 
diameters, together with the depth of 
seat. Then divide half the difference 
between the diameters by the depth of 
seat, and the quotient is the tangent of 
the angle of inclination. The algebraic 
expression is as follows : 

Let 

r^ greatest diameter of valve, in inches. 
( — least " " " 

d^ depth " " " 
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ingle of inclination. 



The tangents of angles from 20" to 
50" are given in the accompanying table, 
and it will be sufficiently accurate in any 
example to take the angle corresponding 
to the number in the table that is near- 
est to the calculated quotient. 

Example. — The greatest and least 
diameter of a valve are 4 6-10 and 4 
inches, respectively, and the depth is J 
inch. What ia the bevel ? 

Greatest diameter 4.6 

Least " , . 4. 

3)0.6 

0.5)0.3 

Tangent of angle of inclination 0. 6 

From the table it appears that the 
angle corresponding to this ia nearly 31°, 
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Table of Tangents frwn 20 to 50 


Degn 


«.. 


ABgle. 


Tangent. 


Angle. 


Tangent. 


20 

31 
S3 
23 

ai 

25 

28 
S7 
28 
29 
30 
31 

84 
85 






364 
384 
404 
434 
445 
466 
488 
510 
533 
654 
577 
601 
625 
649 
675 
700 


36 

37 

40 
41 
43 
43 
44 
45 
46 
47 
48 
49 
50 




1 


737 
754 
781 
810 

869 
900 
933 
966 
000 
036 
072 
111 
150 
193 



rV. Peoper Foem f 



When a safety-valve is raised by the 
preHBure of the steam in a boiler it usu- 
ally e3q)oseB a greater area to the press- 
ure. Hence, if the valve were loaded 
with a weight it might be expected that 
it would opea wide at once from the un- 
balanced pressure due to the action of 
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the steam on the increased area. It is 
found in practice, however, that the 
ordinary safety-valve only rises very 
slightly when the pressnre for which it 
is set is reached, and that it is necessary 
for this pressure to be increased consider- 
ably to raise the valve much higher. In 
a previous part of this paper it was stated 
that as soon as a safety-valve was opened 
a new set of conditions was to be con- 
sidered. With the opening of the valve, 
steam begins to escape from the boiler 
with a high velocity, and in its escape it 
has to overcome the resistance afforded 
by the opening. In this way its pressure 
is reduced, near the orifice, so that, 
although there is a greater area of valve 
to be acted on by the steam, the pressure 
is reduced. How much the pressure will 
be reduced in any given case can only bo 
determined by experiment, since the data 
for a theoretical calculation cannot be 
given. Some experiments made in Eng- 
land showed that in the case of a three- 
inch valve, relieving a boiler at a pressure 
of 100 pounds per sqnare inch, the 
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pressure under the valve was 25 ponnds 
per square inch. It is probable that the 
pressure under a valve, ■when opened, 
will vary with the form of valve and the 
pressure in the boiler, as a change in the 
valve may vary the resistance opposed to 
the escape of steam, and a change of 
steam pressure effects a corresponding 
change in the velocity with which the 
steam issues from the orifice. 

In the case of a safety-valve kept 
down by a spring, it must be evident 
that unless arrangements are made for 
increasing the upward pressure, when 
the valve is opened it will lift but 
slightly, since every increase of lift re- 
quires additional force for the extension 
or compression of the spring. But in 
whatever manner the valve is loaded, it 
would seem that the first step in pro- 
portioning it would be to find what 
pressure ia acting when the valve is 
opened. It will then be possible, know- 
ing the resistance that must be overcome 
to give the desired lift, to afford such an 
increase of area in the open valve that 
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the steam pressnre will balance the re- 
Bistance. It must be remembered in thia 
connection, that it is desirable to have 
the valve close promptly as soon ae the 
pressure is reduced, and unless some 
special provision is made for this, the 
valve, though it may open wide from the 
pressnre due to the increased area, will 
be prevented, from the same cause, from 
closing until the pressure is greatly re- 
duced. As before remarted, experiment 
ia necessary in order to give data by 
which the desired results can be effected, 
and experiments in this direction have 
not been sutRciently extended to enable 
general rules to be deduced. It may be 
interesting and instructive, however, to 
call attention to examples of valves that 
give good results in practice, and ex- 
plain, as far as possible, the principles 
on which they act. It is not considered 
necessary to illustrate all the safety- 
valves in the market, but only such 
prominent ones as embody distinct prin- 
ciples. And first it may be well to give 
the results of some experiments made by 
a commission appointed by Congress to 
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! life-Having inventions, in 1868. 
This commission received J4 safety- 
valves for examination, and tested them 
by attaching them to a steam boiler and 
obBerving their action. It is reasonable 
to suppose that the valves ofEered for 
competition represented the most prom- 
inent and successful ones in the market ; 
but it will be seen that many of them 
were far from fulfilling all the conditions 
required of a good safety-valve. The 
accompanying table gives the essential 
features of the test, the different valves 
being represented by numbers. 







__ 






Valve. 


Locked 
Open. 




Blew off 
at 


Closed at 


No. l.| 


Open. 


107 


115 


106 


Locked. 


107 


117 


114 


Ko. 3. 1 


Open. 
Locked. 


53 
53 


69 
GO 


68 
57 


Ho. 8. 


Open. 


40 


58 


52 




Open. 


45 


49 


35 or 34, 
but continu- 
ed blowing, 


No. 4. 








until Bhut 
ofE by hand. 




Open. 


45 


46 


35 




Locked. 


45 


45 


85 
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Valve. 


Locked 
Open. 


^2 
II 


Blew off 

at 


Closed at 




Open. 


43 


BO 


50 


No. B.- 


Open. 
Looked. 


i 


91 
91 


89 




Open. 


35 


45, began 
to blow a, 
little, but 
waa shut 




No. 6. ■ 






ofE at 54, 
not baying 

freely, ev 
en at that 
point. 






Open. 


90 


93 


74. and did 
not cease 
blowing. 


No. 7. - 


Locked 


90 


90 


85 




Open. 


50 


50 


45 




Open. 


BO 


50 


46 




Locked 


50 


50 


46 




Open. 


50 


60 


50 


No. 8. ■ 


Locked 


42 


45 


3S 


Ho. 9. ■ 


Open. 
Locked 


103 
103 


106 
106 


97 


No. 10- 


Open. 
Locked 


75 
7B 


80 
80 


74 
78 




Open. 


100 


99 


Failed to 
close, shut 


No. 11 








off at 85. 




Locked. 


100 


98 


95, leaking 
badly. 
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Valve. 


Locked 
Open. 


il 


Blew off 
at 


CQosed at 


\ 


Open. 


180 


133 


Shut off at 


[ 


Locked. 


ISO 


136 


Shut off at 
115. 




Locked. 


1;^5 


137 


121 


So. 13 


Open. 


1K« 


137 


138 










No. 14 ■ 


OpeQ. 
Locked. 


80 


31 
31 


30 
30i 



In some experiments made by the 
Academy of Sciences, in France, and tlie 
Franklin Institute in tliis country, a valve 
of the form shown in Fig. 12 was em- 
ployed. It will be apparent that as soon 
as the valve is raised a little, the weights 
will move on the lever, causing the valve 
to open wide at once. A valve of this 
kind, however, is not suitable for general 
practice, since a sudden opening to the 
full capacity is apt to empty the boiler 
of both steam and water, and, moreover, 
there is no provision made for the auto- 
matic closing of the valve by a slight re- 
daction of the pressure. 
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An ordinary valve, if not kept con- 
stantly in use frequently sticks fast to 
the seat, so that the pressure must be 
raised beyond the point for which it is 
set before it will open. The friction of 
the joints on the lever alBO frequently 
increases the resistance to opening very 
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oonaiderably. A valve called ty the in- 
ventor the "positive safety-valve" is 
sketched in Fig. 13. The seat is spheri- 
cal, and the weight is within the boiler, 




a tube on the end of the valve-stem ex- 
tending down into the water. There are 
no joints to cause friction in the valve, 
and the motion of the water produces a 
movement in the valve, so that it is con- 
tinually changing its position on the 
seat, and is not liable to stick. Bjr a 
proper proportion of seat it is possible to 
expose enough additional area of valve, 
when opened, to give any desired lift. 
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Instead of pin donneetionB for the 
levers of safety-valves, it is common to 
make the levers turn on knife edges, 
thus reducing the friction. In the case 
of valves loaded by springs, it has been 
mentioned that every increase of lift re- 
quires an increase of force to overcome 
the resistance of the spring. In Naylor's 
" compensating safety-valve," Fig, 14, 
the spring is attached to the point JL of 
the bent lever, so that as the lift of the 
valve increases, the lever arm of the re- 
sistance diminishes, which has the same 
effect as increasing the pressure on the 
valve. 



An arrangement for giving a large 
opening with a comparatively small lift, 
by having a double-seated valve, has 
been proposed, A sketch of the plan is 
shown in Fig. 15, A and £ being the 
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two seats. It is found difficult, how- 
ever, to keep such a valve tight. 

Mr. Thomas Adams, of Scotland, con- 
struetfl a valve with a projecting lip, A, 
Fig, 16. By applying steam gauges at 
the points shown on the sketch, he oh- 
served that they gave the indicated 
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readings at the time the valve opened, 
and that then the pressures began to 
lower, around the valve first, and lastly 
in the boiler, when the valve suddenly- 
closed. He proportions a 3-inch valve 
for 100 pounds pressure to have a lift of 
five -sixteenths of an inch. Finding by 
experiment that the spring used requires 
a load of 138 pounds to compress it this 
amount, he makes the area of the lip 
sufficient to produce this load when 
acted upon by steam having a pressure 
of 25 pounds per square inch. All good 
safety-valves must be proportioned some- 
what after this manner. It is better to 
make the direct experiment with steam 
gauges for any particular case, as Mr. 
Adams has done ; but if this is not con- 
venient, different forms of valves must 
be tried, until the right proportions of 
the parts are determined. 

There are several valves made on the 
same general principle as that just de- 
scribed. The Richardson valve, Fig. 17, 
is very well known, and largely used in 
this country. The valve has a curved 
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lip, A, and there is a receBs, 3, surround- 
ing the seat. It is claimed by the inven- 
tor that the recoil of the escaping Bteam 
produced by this arrangement gives a 
higher lift to the valve. Some experi- 
mentH wei-e made with this valve by or- 
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der of the Navy Department, in 1873. 
The boiler to -which it was attached was 
first fitted with a common valve 4 inches 
in diameter, which let the steam pressure 
increase in 4 minutes 5 pounds beyond 
the point for which it was set, when the 
furnace doors were closed, and a 3-inch 
common valve allowed the pressure to 
increase 9 pounds in 6 minutes, under 
the same circamstances. A Richardson 
valve, 3 inches in diameter, being at- 
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tached, the pressure could not be in- 
creased beyond the point for which the 
valve was set, and it closed promptly on 
a slight reduction of the steam pressure. 
The common safety-valve being set to 
open at different pressures gave the same 
amount of lift in each case, as far as 
could be observed, while the Richardson 
valve gave an increased lift for each in- 
crease of pressure at which it was set. 

A competitive trial of safety-valves 
was recently conducted in England, for 
a prize of $500 offered by the Editor of 
the JVatelical Magazine. A sketch of 
the Rochford valve, to which the prize 
was awarded, is shown in Fig. 18. It 
will be seen that it has a projecting lip, 

A, and the spring is enclosed in a case, 

B, which can be filled with oil if desired, 
for the preservation of the spring. In 
the trial the valve was attached to a 
Lancashire boiler, 33 feet long, 7 feet 2 
inches in diameter, flues 2 feet 8 inches 
in diameter,, grate surface 30 square feet; 
being set to blow off at 60 pounds, the 
pressnre could not be increased beyond 
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63j poands by the most severe firing, 
and when it fell to 60 pounds, the valve 
closed promptly. 

Instead of having a projecting Up on 
the valve, a piston is sometimes attached 
to it, which is exposed to the action of 
steam at rest. The Rochow valve, Fig. 
19, furnishes a good illustration of this 
principle. A piston. A, ia attached bya 
stem to the valve, and the tube in which 
it works is extended into the boiler by a 
pipe, G, so as to be acted upon by qnies- 
cent steam. A ring, B, nearly closes the 
orifice by which steam is admitted to the 
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valve proper, when it is seated ; and as 
the valve rises, the ring opens the orifice 
more and more. Prom this description 
it wOl be evident that when the valve 
rises a little, the pressure above the pis- 
ton ■will be reduced, and consequently 
there will be an unbalanced pressure on 
the under side of the piston to raise the 
valve higher, and by ^ving a proper 
proportion to this piston any required 
lift can be obtained. In the form repre- 
sented in the sketch, the valve is ar- 
ranged to be loaded with a weight, and 
there is a stop at D to check the valve 
when it has lifted high enough. The 
piston and ring do not work steam tight, 
but are fitted loosely, so that they can 
move without friction. 

In these illustrations, while only a few 
of the most prominent valves have been 
noticed, it is believed that no important 
principle of construction has been over- 
looked. It is a matter of regret that 
more information cannot be given on this 
part of the subject, but, as before re- 
marked, the record of experiments from 
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which general rules can be deduced ie 
Tcry slight. Enough has been said, how- 
ever, to show that there are good safety 
valves in the market. 

There ia one experiment that everyone 
who uses a safety valve can make, to see 
whether he has a valve that is propor- 
tioned to give the proper lift. Let him 
secure a cord to the lever or stem of the 
valve, 80 that it can be opened by hand 
if necessary. (Indeed, it may be said, in 
passing, that some convenient arrange- 
ment should alwaysbe fitted for opening 
the valve by hand, and it should be used 
at least once a day, to keep the valve in 
working order.) Then, by shutting off 
steam from the engine or wherever else 
it is used, and making up a good fire in 
the boiler, he can determine in a very 
short time whether or not he has a safety 
valve ; and if it will not relieve the 
boiler automatically it will be easy to 
give a larger opening by hand, so that 
the experiment will not be attended with 
danger. This simple experiment is earn- 
estly recommended to every steam user, 
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for -with a good safety-Talve in working 
order the chances of a disastroua boiler 
ezplosioa are greatly diminished. 

V. Thb Rhlativb MsKira of Valvhs 
Loaded with Weiguts and SpBrNGS. 
The beat manner of loading a safety- 
valve has been the subject of animated 
diacuBsion among engineers. The opin- 
ion of the majority can be summed up as 
follows : 

Safety-valvea for the boilera of loco- 
motives and steamers, and in all cases in 
which they will be aubjected to oscilla- 
tions and jars, should be loaded with 
springs. For stationary boilers, either 
weights or springs can be used at pleas- 
ure. In employing a apring it is gener- 
ally conaidered best to arrange it so that 
it shall be compressed, rather than ei- 
tended, when the valve ia raised. 
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APPENDIX. 

The detnonstratioiis of the rules given 
in a former part of this book, for finding 
the opening due to a given lift of a valve, 
when it does not rise clear of the seat, 
and for determining the area of opening 
netiessary to discharge a given weight of 
steam of known pressure, are appended. 

a. — The area of opening of a valve with 
a beveled seat, fora lift A £!=l. Fig. 20, 
is the area of thefmstumof a cone whose 
upper base A B = D, has the same di- 
ameter as the valve, and whose lower 
base, C J), measured from points, C, D, 
where perpendicolars from A and B in- 
tersect the seat, is equal to 

D+ CG+ SD = D + 2 Ca 
the slant height being ACovS D. The 
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area of the surface is eqaal to the half 
sum of the circumferenees of the npper 
and lower basea multiplied by the elant 
height, or the area of opening due to the 
3.1416 (2 i> + C G) 

lift I = X A C. 

2 

The angle of bevel, A E = a, and 
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the angle A C G is also equal a. From 
trigonometry, ia the triangle ABO, 

AC AC 
Sine a = := 

A£: I 

A = IX sine a. 
In the triangle A 6, 

OG OG 

Cosine a = = 

A ' I X sine a. 
G = I X Bine a X cosine a 
Substituting these yalues in the pre- 
vious equation : 
Area of opening — 
8.1416(2 i)x32!<siiieaxcosiiie a) 

3 xsmea 

= S.U16[Dxlxsmsa+l' x^Bineay xco^eaj 
If a = 45", 
Sine a = 0.707, cosine a = 0,7o7 
(Sine af = 0.5 
(Sine af X cos a = 0.3636 
Whence, area of opening — 

= 3.1416 CD X ^ X 0.707 + T X 0.3535) 
= 2.22 V. DXI+ 1.11 i' 
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Sine a = 0.5, cosine a = 0.866 
(Sine a)' = 0.25 
(Sine of X cos a = 0.2165. 
Area of opening — 
= 3.1416 U) X ; X 0.5 + r X 0.2165 
= 1.5J X DX I + 0.68 X l' 
6.— Let 

A — area of openiog required to dis- 
charge JFpounda of steamat the 
P per hour. The quantity < 
by this opening per second will be, ap- 
proximately, 

PX A 



Hence the quantity discharged per hour, 
PX A X 3600 



= 51.43 P X A, nearly. 
And— 
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